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1 Introduction

In the RAN1#75 meeting, TDD-FDD carrier aggregation (CA) was discussed and some of the agreements are as below [1]:

· For TDD-FDD carrier aggregation, at least PUCCH on PCell-only is supported as in Rel-10/11 carrier aggregation, regardless of whether or not UE is configured with UL-CA
· For the case of PUCCH transmission on PCell only:

· For PDSCH/PUSCH transmitted on PCell, scheduling/HARQ timing follows existing PCell timing regardless whether PCell is TDD or FDD carrier

· For PUSCH transmitted on SCell with self-scheduling, scheduling/HARQ timing follows existing SCell timing regardless whether SCell is TDD or FDD
· When PCell is FDD carrier and SCell is TDD carrier, for PDSCH transmitted on SCell with self-scheduling, HARQ timing follows PCell timing
There was an email discussion on the HARQ timing for PDSCH transmitted on FDD SCell with self-carrier scheduling when PCell is TDD after the RAN1#75 meeting. However, there was no consensus. This contribution provides our views on the remaining details for self-carrier scheduling when PCell is TDD, mainly focuses on the HARQ timing for PDSCH transmitted on FDD SCell and possible enhancements for PUCCH format 1b with channel selection. Discussion on DCI formats when PCell is TDD is presented in a companion contribution [2].         
2 DL HARQ timing for the FDD SCell      
If the PCell is a TDD serving cell, since UL subframes are not always available in each TTI as on an FDD serving cell, if we reuse the FDD HARQ-ACK timing for the FDD serving cell, there will be no corresponding UL subframe for some DL subframes on the FDD serving cell. The following options were discussed by email for the DL HARQ timing of the FDD SCell:    
Option 1: FDD SCell PDSCH timing depends on TDD PCell timing + additional new timing for remaining subframes of FDD SCell   
In this option, a new HARQ-ACK timing is used for the FDD serving cell. The email discussion for option 1 mainly focused on option 1a and option 1b as below:   
· Option 1a: Optimizing all the UL/DL configurations
A new HARQ-ACK timing is introduced for each TDD UL/DL configuration as shown in Table 1 or Table 2. The entries in red show the additional relations between DL and UL subframes compared to the existing HARQ-ACK timing for TDD.  
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The difference between Table 1 and Table 2 is the timing for TDD UL/DL configuration 1, 3 and 4. For the timing 1 in Table 1 and the timing 1* in Table 2 for TDD UL/DL configuration 1, an advantage of timing 1 is that it has shorter round trip time (RTT) delay compared to timing 1*. The main argument for timing 1* appears to be that it can avoid PDSCH transmission on FDD SCell in subframes located after the subframe containing UL DAI signaling on the PCell. However, in comparison to a reduced RTT delay, selecting the HARQ-ACK timing just based on UL DAI functionality is not preferable or necessary considering the following reasons:  
· The UL DAI issue exists in Rel-11 where it is solved by implementation in the eNodeB by utilization of proper UL DAI values in order to avoid PUSCH resource waste or scheduling restriction. Such an implementation based methods can be directly reused in Rel-12 if already implemented in Rel-11.

· The HARQ-ACK timing for UL/DL configuration 6 also has the UL DAI issue, so there is no point in eliminating the issue only for configuration 1. If the UL DAI issue really would have been an essential problem, it should be solved for all TDD UL/DL configurations.

· The UL DAI issue is not even totally eliminated with timing 1*, since the problem would still exist for two inter-band TDD cells. For example, for a UE configured with one TDD PCell with UL/DL configuration 1, one TDD SCell with UL/DL configuration 6 and one FDD SCell, if the PUSCH is transmitted on the TDD SCell in UL subframe 3, the corresponding UL grant is transmitted in DL subframe n-7, which is still earlier than the DL subframes that need HARQ-ACK feedback on the FDD SCell, and earlier than the DL subframes that need HARQ-ACK feedback on the TDD PCell and TDD SCell. 

For the HARQ-ACK timing 3a/4a in Table 1 and the HARQ-ACK timing 3/4 in Table 2 for TDD UL/DL configuration 3/4, the HARQ-ACK timing 3a/4a has the following benefits:
· Better HARQ-ACK load balancing in all cases.
· Bundling window size is limited to a maximum of 5 for TDD UL/DL configuration 4.
· PUCCH format 1b with channel selection can be used for TDD UL/DL configuration 3 without change.
Since the bundling window size could be 6 for HARQ-ACK timing 3/4, it may imply more restrictions on combinations of carriers than for HARQ-ACK timing 3a/4a, considering the payload capacity of PUCCH format 3. In addition, the “scheduling behind but feedback earlier” for {3a, 4a} does not actually incur more scheduling complexity. For HARQ-ACK timing 3a/4a, it has been argued that there could be performance issues since the DL subframes in the bundling window are not contiguous. However, this issue already exists in TDD Rel-8, e.g., for TDD UL/DL configuration 2, 3 and 4. Therefore, the timing 3a/4a in Table 1 is preferred. 
· Option 1b: Optimizing only part of the UL/DL configurations
In this option, a new HARQ-ACK timing is introduced for every TDD UL/DL configuration. However, the timing is only optimized for some of the TDD UL/DL configurations and the other TDD UL/DL configurations reuse one of these HARQ-ACK timings. Table 3 shows an example of the new HARQ-ACK timing being optimized for part of the TDD UL/DL configurations and Table 4 shows an example of the DL-reference UL/DL configuration for the other TDD UL/DL configurations, then the HARQ-ACK timing of the DL-reference UL/DL configuration is used.        
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Compared to option 1b, option 1a has better performance since it is optimized for each UL/DL configuration of the PCell. In addition, we do not see that the complexity is a problem by optimizing 4 more UL/DL configurations compared to option 1b. Therefore, option 1a with the timing shown in Table 1 is preferred.          
Option 2c: The PDSCH HARQ timing of an FDD SCell follows the DL-reference UL/DL configuration, where the reference UL/DL configuration is one of the existing 7 UL/DL configurations
The DL-reference UL/DL configuration can be configured by higher layer signaling. In this option, the number of DL subframes on the FDD SCell with corresponding HARQ-ACK feedback is determined based on the HARQ timing of the DL-reference UL/DL configuration and the HARQ timing of the TDD UL/DL configuration of the PCell.  Since only part of the subframes in a radio frame on a TDD serving cell are DL subframes, no matter what the combination of the DL-reference UL/DL configuration and the TDD UL/DL configuration is, PDSCH cannot be scheduled in some DL subframe(s) on the FDD SCell. For example, even if the DL-reference UL/DL configuration is TDD UL/DL configuration 5, there is still one DL subframe on the FDD SCell where PDSCH cannot be scheduled. In addition, if the DL-reference UL/DL configuration is TDD UL/DL configuration 5, there are two additional disadvantages. Firstly, it will result in more HARQ-ACK bundling since the HARQ-ACK for all the DL subframes on the FDD SCell will be reported in one UL subframe. Secondly, the HARQ-ACK payload capability of the PUCCH formats will imply that only up to two serving cells can be aggregated for TDD-FDD CA if PCell is TDD.
Compared to the case that the UL subframes of the DL-reference UL/DL configuration is a subset of the UL subframes of the UL/DL configuration of the TDD PCell, if the number of UL subframes of the TDD UL/DL configuration of the PCell is a subset of the UL subframes of the DL-reference UL/DL configuration, PDSCH cannot be scheduled in more DL subframes on the FDD SCell. Thus it is expected that the DL-reference UL/DL configuration for each TDD UL/DL configuration of the PCell would be limited to the TDD UL/DL configurations whose UL subframes constitute subset of the UL subframes of the TDD UL/DL configuration of the PCell. This means that the candidate UL/DL configurations for each TDD UL/DL configuration of the PCell may need to be specified. An example of the candidate UL/DL configurations for each TDD UL/DL configuration of the PCell is shown in Table 5.

     Table 5: Candidate DL-reference UL/DL configuration for each TDD UL/DL configuration of the PCell (Option 2c-B).  

	UL/DL Configuration of TDD PCell
	Candidate DL-reference UL/DL configuration

	0
	0, 1, 2, 3, 4, 5, 6

	1
	1, 2, 4, 5

	2
	2, 5

	3
	3, 4, 5

	4
	4, 5

	5
	5

	6
	1, 2, 3, 4, 5, 6


From Table 5, we can see that there are many combinations of the DL-reference UL/DL configuration and the TDD UL/DL configuration of the PCell, which will increase the implementation complexity and the test complexity.  In order to reduce the complexity, the proposal shown in Table 6 was also discussed in the email discussion. However, compared to option 1, we can see that there are still much more combinations compared to option 1. 
Table 6: Candidate DL-reference UL/DL configuration for each TDD UL/DL configuration of the PCell (Option 2c-B1) 

	UL/DL Configuration of TDD PCell
	Candidate DL-reference UL/DL configuration

	0
	2, 4, 5

	1
	2, 4, 5

	2
	2, 5

	3
	4, 5

	4
	4, 5

	5
	5

	6
	2, 4, 5


If the target is to reduce the complexity by reducing the combinations, the following solution can be considered for option 2c: 

· For the case of aggregating two serving cells, the DL-reference UL/DL configuration for the FDD SCell is TDD UL/DL configuration 5.

· For the case of aggregating more than two serving cells, the DL-reference UL/DL configuration for each TDD UL/DL configuration of the PCell is shown in Table 7. Note that the case for PCell with TDD UL/DL configuration 5 is not included in Table 7, because if the UL/DL configuration of the PCell is TDD UL/DL configuration 5, then up to two serving cells can be aggregated. 
· Table 7: Candidate DL-reference UL/DL configuration for each TDD UL/DL configuration of the PCell (Option 2c-B2) 

	UL/DL Configuration of TDD PCell
	Candidate DL-reference UL/DL configuration

	0
	2

	1
	2 

	2
	2

	3
	4

	4
	4

	6
	2 


Compared to option 2c, option 1 improves the user experience by fully utilizing all DL subframes and thereby maximizing the user throughput, which is one of the main motivations of TDD-FDD joint operation. In addition, the complexity of the implementation and standardization is not higher than option 2c. Thus, option 1 is preferred.

Proposal 1: For TDD-FDD CA when PCell is using TDD, for PDSCH transmitted on an FDD SCell with self-carrier scheduling, HARQ-ACK timing is determined according to the table below:
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3 Enhancement for PUCCH format 1b with channel selection      
If a new HARQ-ACK timing as shown in Table 1 or Table 2 is used for an FDD SCell, we can see that when the UL/DL configuration of the PCell is TDD UL/DL configuration 2/3/4, it is possible that there will be 5 or 6 DL subframes on the FDD serving cell corresponding to one UL subframe. In Rel-10/11, PUCCH format 1b with channel selection can only support up to 4 DL subframes for each UL subframe. A possible solution is that only PUCCH format 3 is supported when the TDD UL/DL configuration of the PCell is TDD UL/DL configuration 2/3/4, even when only one TDD serving cell and one FDD serving cell are aggregated. However, as discussed in [2], for FDD UEs capable of aggregating 2 serving cells, PUCCH format 1b with channel selection is always used in Rel-10/11. Thus for FDD networks that only support aggregation of 2 serving cells, PUCCH format 3 may not need to be utilized, which means that restriction on the combinations of the FDD serving cell and TDD serving cell is needed for this kind of FDD network. In addition, even for TDD UEs capable of aggregating 2 serving cells, PUCCH format 1b is not supported for UL/DL configuration 5.  Thus, for TDD-FDD CA with a PCell using TDD, PUCCH format 1b with channel selection should be supported for all the TDD UL/DL configurations except for UL/DL configuration 5. 
Proposal 2: For TDD-FDD CA with a PCell using TDD, PUCCH format 1b with channel selection should be supported for all the TDD UL/DL configurations except for TDD UL/DL configuration 5.    
In order to support PUCCH format 1b with channel selection with 
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, HARQ-ACK bundling can be performed if the value of DAI in the last subframe with PDSCH transmission in the bundling window indicates that the number of subframes with PDSCH transmission in the bundling window is more than 3.  However, if fifth or sixth subframe in the bundling window is scheduled by the eNodeB but is missed by the UE, it may result in DTX-to-ACK error if the UE performs HARQ-ACK bundling only based on the PDSCH(s) it detects.  An example for 
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 is shown in Fig. 1 as case 1. If the fifth subframe is not scheduled by the eNodeB but the UE assumes DTX is always the result of the bundling as long as PDSCH is not detected in any subframe of the bundling subframes, it may result in redundant retransmission, an example for 
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Figure 1. An example of HARQ-ACK bundling for the last 2 subframes for M=5.
The TPC bits in the DCI format can be used to solve the above problem. For
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) are scheduled, while they are also used to indicate the PUCCH resource. For
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) or three DL subframes (i.e., subframe
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) are scheduled.  The TPC bits transmitted in DL subframe 
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 can be used to implicitly indicate if only one DL subframe (i.e., subframe
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In order to use TPC bits to implicitly indicate if only one DL subframe or both DL subframes are scheduled, the four PUCCH resources configured by higher layer are divided to two groups, each group including PUCCH resource 1 and PUCCH resource 2. If the TPC bits indicate the first PUCCH resource in a group, then it means that only one DL subframe is scheduled, while if the TPC bits indicate the second PUCCH resource in the same group, then it means that both DL subframes are scheduled. An example is that the first PUCCH resource in group 1 and group 2 can be the 1st PUCCH resource or the 3rd PUCCH resource respectively as marked in yellow in Table 8, the second PUCCH resource in group 1 and group 2 can be the 2nd PUCCH resource or the 4th PUCCH resource respectively as marked in green.       
Table 8: PUCCH Resource Value for HARQ-ACK Resource for PUCCH 

	Value of ‘TPC command for PUCCH’
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	’00’
	The 1st PUCCH resource value configured by the higher layers

	‘01’
	The 2nd PUCCH resource value configured by the higher layers

	‘10’
	The 3rd PUCCH resource value configured by the higher layers

	‘11’
	The 4th PUCCH resource value configured by the higher layers

	Note: 
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 are determined from the first and second PUCCH resource lists configured by n1PUCCH-AN-CS-List-r10, respectively.


In order to use TPC bits to implicitly indicate if only one, two or three DL subframes are scheduled, the four PUCCH resources configured by higher layer can be used to indicate the four cases. That is, if the TPC bits indicate the first PUCCH resource, then it means that only subframe
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 is scheduled. If the TPC bits indicate the second PUCCH resource, then it means that only subframe
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 are scheduled. If the TPC bits indicate the third PUCCH resource, then it means that only subframe
[image: image36.wmf]3

-

-

M

k

n

and subframe
[image: image37.wmf]1

-

-

M

k

n

 are scheduled. If the TPC bits indicate the fourth PUCCH resource, then it means that all the three subframes are scheduled   
Based on the above scheme, when UE perform HARQ-ACK bundling for the last two subframes for
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, if UE only detects a PDSCH transmission in subframe 
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 with the DAI value in the corresponding PDCCH/EPDCCH indicating the number of subframes with PDSCH transmission is ‘4’, and the TPC value in the corresponding PDCCH/EPDCCH equal to “00” or “10”, then the bundled HARQ-ACK should be the HARQ-ACK corresponding to the PDSCH transmission transmitted in subframe 
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· Within DL subframe 
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, if UE only detects a PDSCH transmission in subframe 
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 with the DAI value in the corresponding PDCCH/EPDCCH indicating the number of subframes with PDSCH transmission is ‘4’ and the TPC value in the corresponding PDCCH/EPDCCH equal to “01” or “11”, then the bundled HARQ-ACK should be DTX;
When UE perform HARQ-ACK bundling for the last three subframes for
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,  if UE only detects a PDSCH transmission in subframe 
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 with the DAI value in the corresponding PDCCH/EPDCCH indicating the number of subframes with PDSCH transmission is ‘4’ and the TPC value in the corresponding PDCCH/EPDCCH equal to “00”, then the bundled HARQ-ACK should be the HARQ-ACK corresponding to the PDSCH transmission transmitted in subframe 
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, if UE only detects a PDSCH transmission in subframe 
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 with the DAI value in the corresponding PDCCH/EPDCCH indicating the number of subframes with PDSCH transmission is ‘4’ and the TPC value in the corresponding PDCCH/EPDCCH equal to “01” or “10” or “11”, then the bundled HARQ-ACK should be DTX;
· Among DL subframe 
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,  if UE only detects a PDSCH transmission in subframe 
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 with the DAI value in the corresponding PDCCH/EPDCCH indicating the number of subframes with PDSCH transmission is ‘4’ and a PDSCH transmission in subframe 
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 with the DAI value in the corresponding PDCCH/EPDCCH indicating the number of subframes with PDSCH transmission is  ‘5’ and the TPC value in the corresponding PDCCH/EPDCCH equal to “01”, then the bundled HARQ-ACK should be logical AND of the HARQ-ACK corresponding to the PDSCH transmission transmitted in subframe 
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and the HARQ-ACK corresponding to the PDSCH transmission transmitted in subframe 
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· Among DL subframe 
[image: image63.wmf]3

-

-

M

k

n

and DL subframe 
[image: image64.wmf]2

-

-

M

k

n

 and DL subframe 
[image: image65.wmf]1

-

-

M

k

n

,  if UE only detects a PDSCH transmission in subframe 
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 with the DAI value in the corresponding PDCCH/EPDCCH indicating the number of subframes with PDSCH transmission is ‘4’ and a PDSCH transmission in subframe 
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 with the DAI value in the corresponding PDCCH/EPDCCH indicating the number of subframes with PDSCH transmission is  ‘5’ and the TPC value in the corresponding PDCCH/EPDCCH equal to “11”, then the bundled HARQ-ACK should be DTX;

· Among DL subframe 
[image: image68.wmf]3

-

-

M

k

n

and DL subframe 
[image: image69.wmf]2

-

-

M

k

n

 and DL subframe 
[image: image70.wmf]1

-

-

M

k

n

, if UE only detects a PDSCH transmission in subframe 
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 with the DAI value in the corresponding PDCCH/EPDCCH indicating the number of subframes with PDSCH transmission is ‘5’ and the TPC value in the corresponding PDCCH/EPDCCH equal to “11”, then the bundled HARQ-ACK should be DTX;
· Within DL subframe 
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 and DL subframe 
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, if UE only detects a PDSCH transmission in subframe 
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 with the DAI value in the corresponding PDCCH/EPDCCH indicating the number of subframes with PDSCH transmission is ‘4’ and the TPC value in the corresponding PDCCH/EPDCCH equal to “00” or “10”, then the bundled HARQ-ACK should be the HARQ-ACK corresponding to the PDSCH transmission transmitted in subframe 
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;

· Within DL subframe 
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 and DL subframe 
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, if UE only detects a PDSCH transmission in subframe 
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 with the DAI value in the corresponding PDCCH/EPDCCH indicating the number of subframes with PDSCH transmission is ‘4’ and the TPC value in the corresponding PDCCH/EPDCCH equal to “01” or “11”, then the bundled HARQ-ACK should be DTX;
As discussed in section 2, the DL HARQ-ACK timing as shown in Table 1 is preferred for the FDD SCell when PCell is TDD. In this case, only the enhancement for PUCCH format 1b with channel selection with 
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  is needed, thus we have the following proposal:
Proposal 3: For TDD-FDD CA with a PCell using TDD and PUCCH format 1b with channel selection with 
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, HARQ-ACK bundling can be performed for DAI>=4.  

· Within DL subframe 
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 and DL subframe 
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, if UE only detects a PDSCH transmission in subframe 
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 with the DAI value in the corresponding PDCCH/EPDCCH indicating the number of subframes with PDSCH transmission is ‘4’ and the TPC value in the corresponding PDCCH/EPDCCH equal to “00” or “10”, then the bundled HARQ-ACK should be the HARQ-ACK corresponding to the PDSCH transmission transmitted in subframe 
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;

· Within DL subframe 
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 and DL subframe 
[image: image86.wmf]1

-

-

M

k

n

, if UE only detects a PDSCH transmission in subframe 
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 with the DAI value in the corresponding PDCCH/EPDCCH indicating the number of subframes with PDSCH transmission is ‘4’ and the TPC value in the corresponding PDCCH/EPDCCH equal to “01” or “11”, then the bundled HARQ-ACK should be DTX;

4 Conclusion

In this contribution, we discussed the HARQ timing for PDSCH transmitted on FDD SCell and possible enhancements for PUCCH format 1b with channel selection. Based on the discussion, we have the following proposals:
Proposal 1: For TDD-FDD CA when PCell is using TDD, for PDSCH transmitted on an FDD SCell with self-carrier scheduling, HARQ timing is determined according to table as below:
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Proposal 2: For TDD-FDD CA with a PCell using TDD, PUCCH format 1b with channel selection should be supported for all the UL/DL configurations except for UL/DL configuration 5.    
Proposal 3: For TDD-FDD CA with a PCell using TDD and PUCCH format 1b with channel selection with 
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, HARQ-ACK bundling can be performed for DAI>=4.  

· Within DL subframe 
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 and DL subframe 
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, if UE only detects a PDSCH transmission in subframe 
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 with the DAI value in the corresponding PDCCH/EPDCCH indicating the number of subframes with PDSCH transmission is ‘4’ and the TPC value in the corresponding PDCCH/EPDCCH equal to “00” or “10”, then the bundled HARQ-ACK should be the HARQ-ACK corresponding to the PDSCH transmission transmitted in subframe 
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;

· Within DL subframe 
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 and DL subframe 
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, if UE only detects a PDSCH transmission in subframe 
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 with the DAI value in the corresponding PDCCH/EPDCCH indicating the number of subframes with PDSCH transmission is ‘4’ and the TPC value in the corresponding PDCCH/EPDCCH equal to “01” or “11”, then the bundled HARQ-ACK should be DTX;
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